This paper describes a scheme for classifying the cloudiness, as determined from satellite T V pictures, of small areas in the vicinity of radiosonde stations. The classification number, c, was correlated with the observed average relative humidity below 500 mb., P, a t radiosonde stations within a few hundred miles of the Gulf of Mexico and the western Caribbean Sca. For over 100 dates distributed throughout the year the relationship was found t o be A=24.6+7.30 c, with a correlation coefficient of 0.78. There is a slight suggestion of seasonal and latitudinal trends.
INTRODUCTION
Present numerical forecasting techniques use estimates of information from oceanic and other areas where data are sparse or non-existent. For example, the quantitative precipitation forecast and the cloud cover forecast for the United States may utilize free-air relative humidity information not only from the land areas but from the adjacent water areas. Younkin et al. [I] have discussed a precipitation and cloud forecasting model which makes use of a rertically integrated moisture parameter, i.e., iirerage relative humidity. There is clearly a need for more accurate estimates of such parameters over the water areas for incorporation into the numerical weather prognosis model. Charts which depict the average relative humidity and the precipitable water over the United States contain analyses which extend southward and eastward over the adjacent water areas only a few miles because, with the exception of reports from islands and a few weather ships, free-air observations have been virtually non-existent over the water areas. For this reason, the meteorologist has been forced to resort to the use of bogus data obtained by making educated guesses of the vertical structure of humidity over the oceans.
Several investigators have conducted studies correlating conventional cloud data and precipitation with the relative humidity. Smagorinsky [2] developed a linear relationship between relative humidity and cloud cover. However, Essenwanger and Haggard [3] found that cloud cover and relative humidity are related through some exponential function and the relationship is dependent upon temperature. The results of Smagorinsky can be compared only indirectly with those of Essenwanger and Haggard because Smagorinsky used space-averaged relative humidity, while Essenwanger and Haggard were dealing with point values.
Another possible source of humidity data is suggested by the availability of satellite pictures of the water areas It should be possible also to obtain a distinct. relationship between the character of the cloudiness a t a particular point or small area, as revealed by meteorological satellite photographs, and the average relative humidity in the column of air extending to 500 mb. above the point or small area. This paper presents a summary of efforts to determine this relationship, and to learn the means of applying the relationship to estimate the distribution of average relative humidity below 500 mb. over water areas.
DATA COLLECTION AND PROCESSING PROCEDURES SELECTION OF CASES AND SOURCES OF INFORMATION
The region of the Gulf of Mexico was chosen for study because it provides a water body of moderate size encircled by many stations, particularly to the north and east, and also because of its influence on the weather situations of the eastern United States. Some 27 radiosonde stations in mainland, peninsula, and island locations provide information (usually twice daily) concerning the relative humidity distribution over and immediately adjacent to the Gulf of Mexico and the western Caribbean Sea. Specific cases were selected from those days when the TIROS satellites provided pictures of portions of the Gulf of Mexico and the adjacent land and water regions. Fairly evenly distributed by seasons, 122 orbits were selected from observations made in the years 1963 through 1965.
DATA HANDLING AND MODIFICATION PROCEDURES
The average relative humidity ?? of the atmospheric column below 500 mb. was computed for each station by averaging with respect to pressure. When radiosonde reports showed "motor boating" (humidity below the threshold of sensitivity of the humidity element) a t some Vol. 95, No. 11 levels, the dew-point temperature was chosen as approximately two-thirds of the maximum possible dew-point temperature which could be present without being detected by the humidity element. Admittedly, the actual humidity in these cases may be far different from the assumed value, but simply to ignore these cases is to create a bias for soundings with higher relative humidities.
Most satellite pictures are taken near local noon (about 1800 GMT for the Gulf Area). The relative humidity estimates for the time of the satellite pictures were obtained by linear interpolation between radiosonde observation times (1200 GMT and 0000 GMT). This procedure is discussed also in section 4.
A numerical classification of the satellite cloud data was necessary so that a correlation with the mean relative humidity could be made, but a completely objective quantitative classification is not yet feasible. At the same time, the conventional cloud classification techniques cannot conveniently be applied to the satellite observations because in the majority of cases the individual cloud elements are too small to be resolved by the television cameras. It was decided to develop a classification system (table 1) based on the procedures employed by the National Environmental Satellite Center in preparing their routine nephanalyses. This classification considers to some degree gross vertical motion and cloud type as well as cloud amount.
Jfany times it is difficiilt using satellite TV pictures to distinguish even roughly betweeI: clouds having low tops tind clouds hurin quite high tops. Consequently, we used other information when necessary, in particular, the conrentional cloud data observed a t the several radiownde stations and even the humidity distribution as rnettsured by the radiosonde itself. This suggests that we might be correlating an item of data with itself, but we feel justified in using snch information because satellites m ) n will reach tt degree of sophistication that information 011 heights of cloud tops and moisture content for the layer above the cloiid tops mrty be determined on tt routine h i i s . Several writers have described these concepts; we mention only a recent paper by Rasool [5] and the discussion by Nordberg et al. [6] of the several channels of radiation information measured by satellites of the Nimbus series.
PRESENTATION OF RESULTS
The satellite pictures were used to classify the area around each radiosonde station pictured in each of the individual orbits chosen for study. Each classification, c , was then matched with the corresponding interpolated mean relative humidity value, H , in percent. Contingency tables, correlation coefficients, and regression lincs were calculated using standard statistical techniques. Table 2 contains a representation of the frequency of the cloud classification numbers falling within various intervals of average relative humidity. The data show that for each season, as well as the entire set, the average relative humidity increases as the classification number increases. The relation appears nearly linear. The linear regression equations and correlation coefficients are given in table 8. The results are encouraging and demonstrate the usefulness of satellite data in predicting tbverage relative humidity. The d u e s of the correlation coefficients suggest that at least 50 percent of the variance is explained.
The several regression Iines are not appreciably different, as is illustrated in figure 1 . Table 4 contains a tabulation, determined from the regression lines for the seasonal and the total data, of the most likely relative humidity corresponding to each of the cloud classes. This table may he used for estimating the mean relative humidity below 500 mb. for various points on a TIROS cloud picture.
The spread of the data is indicated by the contingency tables (table 2 ) and by the 95-percent limits (dotted lines) of figure 1 for the total array. Some of this spread is due to the assumptions involved in the linear interpolations of the mean relative humidity. This is illustrated in the next section. Though points where linear interpolation was clearly not correct should be considered as in error, it was not considered proper to eliminate them.
The cloud classification number, c, tacitly has been assumed linear. I t might be possible to improve the correlation either by assuming nonlinearity or by nsing a decimal classification system. Some nonlinear correlations were attempted for a small sample in preliminary investigations, but no improvement was obtained. Thus, no rttt,empt was made to obtain nonlinear corrlentions for the total array.
There is indication of a combined latitude and continental-maritime variation in the relationship between the cloud class and the average relative humidity. TO check this possibility, three groups of four stations were selected, one group from Texas and Louisiana, one from northern Florida and South Carolina, and the third from Yucatan and the western Caribbean Sea. Regression lines for these three groups of stations are plotted in.figure 2 .
It appears that there are both latitude and continentality (and perhaps even longitudinal) effects, but they are not would depend on the time available and the accuracy needed; such refinement ordinarily would be illogical in view of the spread of the data (dotted lines of fig. 1 ). 
ANALYSIS AND FORECAST INTERPRETATION AND APPLICATION
I n this section me present two cases, one for winter and the other for summer. These cases provide examples of how the cloud systems are classified. They also show analyses of the average relative humidity pattern as determined from the clouds. These analyses may be compared with interpolated average relative humidity values obtained from radiosonde reports. It must be remembered that the classification is determined not upon conditions at the point of the station b u t rather upon conditions indicated by the pictures for a small area surrounding the station location. The size of this area was not fixed but in general amounted to a roughly circular area somewhat less than 100 mi. in diameter centered on the station location.
The main difficulty encountered in relating estimates of average relative humidity obtained from satellite data with those obtained from conventional radiosonde data was that the time of the radiosonde observations did not coincide with the time of the satellite picture. One 11 ay to overcome this difFiculty is to obtain by interpolation the relative humidity a t the time of the satellite picture. This method has some failings. At 1200 GMT on February 5, 1964, the average relative humidity at Burrwood, La., was 85 percent while 12 hr. later it had dropped to 28 percent. This gives an interpolated value a t picture time of 52 percent as shown in figure 3. However, it is unlikely that the decline in the relative humidity was linear. A cold front passed Burrwood shortly after 1200 GMT and it is certain that the relative humidity dropped off sharply after that time as dry air advanced southward behind the front. At picture time Burrwood was in clear air and the cloud mass was some 100 mi. to the east. The interpolated value of 52 percent is therefore too high and a more reasonable value is 30-35 percent. The reverse would be true for n station ahead of an advancing cloud mass.
Jackson, Miss., provides a second type of interpolation problem. At the time of the TIROS picture, Jackson was in the clear air between two cloud bands. It is probable, however, that the radiosonde observations from which the interpolated value was obtained \\-ere both made in cloud bands, t8he earlier one in tbe frontal band and the later one in air which a t the time of the cloud picture was over Louisiana. Thus linear interpolation resulted in the extreme discrepancy between the relative humidity estimated from the classification number and the interpolated average relative humidity.
A typical problem in drawing the average relative humidity lines occured over Alabama. In the mosaic, it mill be noticed that the area in the vicinity of Montgomery appears to have thinner, less bright and more broken clouds than the areas to the northwest and to the south and east. For this reason the two 80-percent lines are drawn so they intersect the line representing the frontal band. We originally preferred to draw these two lines SO they did not intersect the line indicating the frontal band, thus suggesting a continuous moist tongue from the eastern Gulf of Mexico into the northern part of Arkansas. The cloud classification for the Montgomery area indicates that our final choice ( fig. 3) is a preferable analysis.
The classification indicated for Key West in figures 3 and 4 provides an example of the subjectivity of the classi- fication scheme. Of four forecasters classifying the area, two chose 6 and two chose 8 as the proper classification. The latter was chosen primarily because of the presence of small, bright cloud masses suggesting heavy shower activity near Key West (fig. 4) . However, surface reports do not indicate particularly heavy activity and the area of bright clouds is not large, so the classification of 6 was selected as the best and used in the figures and in data summaries. Such use of conventional observations usually does improve the classification of a given station, and in turn improves the statistical significance of the results. However, this is consistent with the objectives of the study and with the classification scheme itself, which is not objective. Perhaps a more complex classification scheme would have prevented this difference in classification, but if much expansion is done the procedure becomes unwieldy and difficult to apply on a real-time basis. (This provides an example of nearly the maximum discrepancy obtained in our efforts; in most cases the several individuals agreed in assigning a classification to a station. The region from central Texas to Alabama was included in both orbits. During the 3 hr. between orbits there was an increase in the amount of low thin clouds for most of the region of overlap, so nearly all stations during the 3-hr. period were increased from a 1 to a 2 classification; we have indicated the higher number in figures 5 and 6. An exception was Fort Worth, Texas; an altocumulus band just to the north of the station suggested a classification of 3. No interpolated average relative humidity varied by more than 5 percent; the value indicated on the map a t each station is the average of the two interpolated values corresponding to the orbit times.
I n the case of some of the brighter cloud masses it was sometimes difficult to know whether to apply a low number or a high number. An example is the cloud mass along the Texas-Mexico coast at about longitude 98"W. Its appearance is such that it could be either a low, dense, stratiform cloud or a high, dense, frontal band of cumulus
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eo" - Most of the other cloud classification numbers require little comment. When the classification number is compared with the corresponding area on the cloud mosaic (see also table l), the classification numbers appear justified.
For this day, the linear interpolation method presents no apparent problems, as the frontal cloud and other cloud masses were nearly stationary. The relative humidity values appear to fit the cloud patterns well.
CONCLUDING REMARKS
I n these cases no attempt is made to account for any possible error in the rectification of the satellite pictures. The presence of landmarks in most pictures suggested that the error was less than the usual estimate of error of two latitude degrees. In actual application, it is probably not necessary to give serious consideration to this error since the forecast implications cannot be applied that accurately.
One immediate application of the results can be seen. The average relative humidity charts prepared by the ESSA Weather Bureau can be extended through the use of the relations of section 3 to reflect the distribution of moisture over the water areas as well as the land areas. When all cloud masses have been classified on the basis of the criteria given in table 1, average relative humidity values for the various cloud formations may be obtained from the relations of section 3. Analyses should be con-
